a9y United States
12y Patent Application Publication o) Pub. No.: US 2026/0040887 A1l

US 20260040887A1

ZHANG et al. 43) Pub. Date: Feb. 5, 2026
(54) DICING TAPE AND METHOD OF HOIL 21/56 (2006.01)
MANUFACTURING SEMICONDUCTOR HOIL 21/78 (2006.01)
DEVICES HOIL 23/00 (2006.01)
(52) U.S. CL
(71) Applicant: TEXAS INSTRUMENTS CPC ... HOIL 21/6836 (2013.01); HOIL 21/78
INCORPORATED, DALLAS, TX (2013.01): HOIL 21/3065 (2013.01): HOIL
(US) 21/56 (2013.01); HOIL 24/92 (2013.01); HOIL
2224/92247 (2013.01)
(72) Inventors: RONGWEI ZHANG, Plano, TX (US);
MICHAEL TODD WYANT, Dallas, (57) ABSTRACT
TX (US); DANNY L. BRIJA, Allen, _ _ o _ _
TX (US) A method of forming an 1ntegrated circuit (IC) 1s provided.
The method includes applying a die attach film to a first
(21) Appl. No.: 18/791,016 surface of a waler opposite a second surface. The method
also includes applying a passivation layer to the second
(22) Filed: Tul. 31. 2024 surface of the water. The method further includes patterning
’ the passivation layer to define a number of scribe lines. The
o _ _ method vet further includes applying a dicing tape having a
Publication Classification noncond}l;ctive material to théj I::li}f; a%tach ﬁln%. Tlljle noncc%n-
(51) Int. CL ductive material 1s resistant to plasma etching. The method
HOIL 21/683 (2006.01) includes plasma etching the water to form dies of a plurality
HOIL 21/3065 (2006.01) ol dies supported by the dicing tape based on the scribe lines.

3:16 316



US 2026/0040887 Al

Feb. 5, 2026 Sheet 1 of 15

Patent Application Publication

okt [ D14
O T

. I- [ II
- " * ) I
L} " " - -
L] * . 1
LY " " -
l . - X .-.J. "
_-._-.__.. X ' ....ﬂ "
.-_r_.. -3 - J_.s. ...
. _r.-... -3 - J_.s. 1..
_-_r... -3 " J_.s. ...
. _-. .. by * o
_-.._..._-. . . ....-..-. -
_-._-._r . . ....-..-. .:
__....-._-. . . ....-..ﬂ 1:
- . . . ....-..-. .-.
I -. II II * L
k1 L] 1- .'..- II
-_ l..l. l- L] + L]
L] L} " " l.-. -.
: : -'- II 1I * r
k1 L " ."- II
-. II II * |
J....l. - . .-..-. .
L} - " .-. |
L 3 L JI .'..- II
__..._-..-. X . ...J. -
. ™ ) .__. A "
" n - " .-. -1
. _-._-.__.. . . .-.....-. .
. .-._-._.. ... X .......-. ...
: . -II 1I * "
- . . . ..._-. .
.. _-._- \ ____ .-..n -
| - S _ - .
. LR -Wn " o o, l.“_ g u-_.-. LN . r ¥ 3 L e L .___. v . _-....... W " ..
PR . . . - vt owee MFR o, . "m ] " BTyt . T w e . ’ . .
g WNDIGI  OVMDICH  GDWOIOKDN  WOMDIGIC  WCMOIOIC  MOWOICADI  DADIDAAC  ACMOIOIDN  MDMICAD  OMMDAIK  ADKDIGADN  DODIOIGAC  ICHDIDRN WMDICAD .n.u.uﬁ:. : ACHCNONN DRI N i =
- | oo . . | . . l.l.‘-...l.r.* e e . F . a '] ¥ hama. Wy " ] 4 » r iy Ty W g
et ot on ! - PRI P P . * PR . - B . R o o il o - el % Wl . " R
n, 1 CR T p.-_..-.._- e T a . . _..r ra " - .p- . TR B . L LY . L] [ L Bl L T = » F o " v Low ..rlu fak .-....-_ e e e . " n " e T Tpr al T o
\\- n. -_- . l " .-’I -.'L“_ “.1* - e .l-..f . n._,.... - I'-. - . _,.ﬁ: 4- H.l .-.l.-.l. Y .-.I_.- . xR . " ..l_lt. n..l..'l- LE ) v 5% r » 4 1 "y __..- I-. - .w.l .-l‘.ll.l-.l.lrl L . -~ [ 1] a2 4" - ~Aw ™ ..“ r - - L1 > . ff . . .‘.H - « N -
. . 4+ x4 .y > - . v - TR, . Wt o * . I ‘m . . " - e Tan ' - et e . . P N LI LS L n ¢ u " v " - . W - -
. L} o 1. aF 1 x i r T L L " L m a . L r [ w A 'Y . " 4 " a e . g nnta” § I - " . % ‘w * - Ty ' ' ¥ b ) - : ~
b « I ] ar e .-r__.-.. % 1, 1, £ a  x o - - R L L L M .o e =W -1.-...[ et =, - . nd r.r.-.-. . L T 1 il o .-.-_-_l e, iy Tew LI B ] L] __..qt..b....__u__-.nn_. L a1 o “a *oa M st
. L] L] . . n N Y I h._.-I. o -_.Jl..- L] 1 1 " v Y - v t % ’ * o ) * . L T r o : .- M
. . -, - . o . . T L . i W F fg i am n g a¥ - R a . a n - r L) a Wty 1t H - + ¥ - s N a . L A R .
. . . . J..-._- e o " LY o -k i R - o4 - u ol . ' ' ) g M ... . M | e -_
. .. .. : e “ E £ : .:_..__-._ . ’, ....n_n....._.-l-_.- L ] s LN o . F - Lo AF L . k " ..._h._ L1 P L . A As K o
. . . L™ T " -_-..--___.. Y e Sl L e - - - + » ..-..-_._. S W T o : * i .—m- o B L % . .
. - _— L " - i * ...__.. L
"» -

..
-

. ap . W or [ o .

i mmymmiinmimarmumamamat L N Tl s P T

'
!

A%




US 2026/0040887 Al

Feb. 5, 2026 Sheet 2 of 15

Patent Application Publication




US 2026/0040887 Al

Feb. 5, 2026 Sheet 3 of 15

Patent Application Publication

e % B e ey “;: d N  ;; - w _

/

00¢

. . 5 - . . . P P . H . . w. - ' ) . .
. -...__1.-1].[_..-;-.. E aF - LI = . T » . . .. . . ' . . L - L R P .
mu : . S T RTINS - ) : " L R TR R
I * [ ] . B I L] o LTI LY L L LM ] 'L _l.__-. ; L L r *r
Om ._J_-._._l " . . n r._.-.- L9 , .-.-_-..._l Lo _“.r___ * - o __.-..-_.. -___.l-_‘__..l.___._l l.-..“-...-. ....M\.__.._.___ .- . ﬂ.-.vl. ..-...A. L] -.-..1.-.& - * P TR .__r.-. ., Fem P T
- . . d k . - .
L]
-

™ -
. J-L -
£ F ., - - - . ’ - %
Ny . PRERY ] - » - 4 - k] - 2 a - - . 2 wa L » . __.lr P r ) e om - - a Bk A - . . . Lt . L . & a - g~ o . T oA a 4. »
] ¥ L - L] R o - r-.l.q___-_ M ) . - - L] LY ] .‘F a . . , - . . L] P -F N a . - - a & am
T . . e a - ¥ = .. wr L - .. . ' .. . ommw . a . P » - N = n s - _-.-n. L | o, - h e oui . . o . _— - Coap P a L ¥= " .-.1 L..r.- L* ] ~ LI L [ . a . . "
. ‘\.-. - r -i“.n -.lm..n J“I.il..ifm.-...rh.l l11l..I\ - ‘M -_.-.l l_- LI . .-l.-l .r.l.l l.—.h.l—.l..—.-.j--.f.i LI llll .rl-_. L Ltl“..ﬂ. I_J_f.r..-.ir_f..”.i .-ﬂ..i.J -_f , ‘! “hr..—_l-.....\_ﬁ.-. nl..J.__l.n . H .H _1-___. i ___I.-I j.' . __.-.-.Ill.._-..-l‘. l.ﬂI.‘.ﬁ - . _-'l -.-.- h-_.-.”.— i!ﬂ-ﬁ J.I_ri.it. LP.I. " E ] i.“._il..-t. idt-..r It.-.J 1lm r r . rlu. K IJ ....?.l.-...-.ﬁ! .-._“ ..i-l 1 . -_h.- ﬂd- .-ll .-.H._...-.L .l._f-i H L] ll{ ..._1 . L™ .‘ Fa -___.l “.-.ﬂ. l'-... - l...v..
3 . r L L L] A | - ~ . - . L L. . . a rh L .ol » r ] LB MR . . A - Lo 2 . . . .a a" . 1. O AR * L] T o Fr ~ T ~ -t a ¢ !
. . |1.l|..r. .._.-._. - 7 "y o, w5 " l.n. fa .._..fu_ ..r-i.l_ -___._-. -l.n..q ‘o L -_l___.-..l..___.-_ ._.-..-_.-. e T . _— ] -.!....-_.-. L L .1-._._.-.._ " aa” - ! u..q 3, TAf ..-_-..-.I .__.\ . ” * H. - " " ._.h._ L._.a..-. way faw ot .-- .o ._-f.-._-..._.l__. r .F_-.__. -..-.a.inf . " e .__.l.- 4 1_-...-.u1 ..‘___.‘H e .._....__ .-__.r_r + T ! .-_..L. .__l1.._ L £ S .....l .-Plr._. ...-r.\- ) _r-_“. ", “ l.__' L] M
i L N Ly A e A m T - e ™, ML e ..H—.— A 1, = _r.r.r o .._r.r..- r ....-.--.._ LR L) ] ) 5. et e e fa 1y . L™ oY, -...._...ﬁ R b Lok L LT e, Y ._.__I._n.. L Ty, . S, S v . TR Ll R P .__.._:- b - T H....-n LA - h T Wi, P o, ahr T LN .._._..-.- |u- -...._ e Tt C . .

T - . oty O .....- . .1 . . - Lar . % F L ___..__.r__. " . . T ... , . - . omp s L . a L Y . gidfa T AMy 2 aT . . wms vt : . o - e 1 r Ly I Py f % o " P L . .




Patent Application Publication  Feb. 5, 2026 Sheet 4 of 15 US 2026/0040887 Al

FIG. 4

== e, . o e ol

400~



US 2026/0040887 Al

Feb. 5, 2026 Sheet 5 of 15

Patent Application Publication

g " - : b ot - "y

. I L L e Ty e

i ’-- . -‘1 *rr' " ‘ -h . { . - . -—.’-‘ - ‘.f '.. 1— ] .. ..- J.-Ir O | . - -

" " L - . i - - 2T . . o e r L ", . . W rE o .
- ~ L4 o . .o Yer = A " =" et L .“.1___ L oaw et R T e " Ry A
vt . I S L L oae - , - 1‘.._ ..n.-._-_.:f _...._.._-.t. + = 3 w7 o wr, Fonoov o N
- 5 " . . - - " o ) - r . .
.-.. . - P ”.J._- H.r"_-._-.._.__. o . . T
] . . Y |
: ', o ® Ny - . fr:.

- ]
. . - "
= » L] . - g s F = u¥
) v - -k LR it 1 -
. “a . & ..-.-.—-_.f-..-_u.__ _‘.-.-.H.r -.__H_.- . .-..__.- -\ o, . . l.._- . ..__f- .Ju._.-.l W oa - F R AT X" - .
W ...l..l.-!...-_-.-. -.‘...- s . e .___ l...l.- -.H.h. - + Tea vty Sy Ay a v Gaaay YT ) hl.-. o L] - " a -
.11 - . % = = -_......_-._-.J-..-.i-_.' ., - ....,_l . - = . . Ty r - ....-f .r.- ._.-_l . ll!....%.-_-. .-.._'..- N . » Com . ot .-.._l. . . s
.on o Ty 4 e » et N ™ - - T, o+ R " . r " . r R oaam A H . . u - w Jed a a4 - * T LY
» . -_l..._ . ___.-.l.-_-.__-.__ oL e _ll-. Wy *oe . .o -7 ﬂ,.ﬂ na oW LT - F - .-h_-_ ;- l__. . - A ll_- 4 .1.-. N - s ' " v.-_-.i it wret LT B *a “ty Fa ' L] .r-..-l
g oan £ 74 * * »* " . 0 rrow N .-l.-.ﬁn.l..-h . - Tw oyt - - . .l_r.u.___.l”-h * -_- - - v " dr T ..-r.-..__.-_._t-.i-..l P L) ._-r " . b a w A" n i . -
1h - [ ] . LY * Il -f T o4 L] .ﬂ#!l _r‘. I.-. ' LY ~ : -" b -.a. _-h. hoLe e * 4 P L] Il- I_il ] .fr Hl.lf. l_l.-‘_... u.l .r.”.- e . o il -.1- .__f‘. ....s.f L - I- . L8 F g » r - -
4 . F= L ] ' L] . . L] 4 - . . .
. , . -..u_. _..w ._u.__.._.l.__..__.cp-tu v.___. _.H R .___!_.. i _q.____._._. ] W _... .__.“..._.-_..______n AL N B om ey * oma o n_.._...ﬂ ..__.....-..r-_- LI . ~ N _.._1 -.lU -..,___.....r i_.-n- L L oo -u.. .t--._-.._. gy . T taT A re, - . .... _.f._r P . T
et -’ - 4 "n ) A . L - * . " a @r "o * - . L - . ) . ) . e
L ot el ML . .wm‘. - .l-. ~' |_a..- .J_-_ _......-. . -J.___f - q'.-.-u ..F.. s " .-..-.r_ --.. -..-.__.rl.l ....-.-. .-___,.-.__.l l.- -._.-- .-. -__.F - ; * .ﬂ.__. ......-.:-1.-........-.....“.-___.3 "o T b T .r.._ Hrl...-.-lh...-_..__ll.-_-.-_-.- "iu e ™ " e " . ] a ..__ﬂ. ..t- * " L .W."...!. .___-..ﬂ ) Ll o .?
.1.1.1.1 — ! . . - 4 4___1.-__1.._1'- ' " ‘m - L I a r P v a & ymonoT - - e o® =T a . . . s mn - ", w ia I S P I * W agd .
b - * P ....F. a T e L . - T i N - ’ -k '’ | I ™ ™ e M0 3 LA T * . - -..J_.-. . r a = . . . o Iy
’ . u e g [ S T T Y Ly . - b - - = c *E, > r -, " - - - L e v a T * . b . "' P P
) a r nty .4.. | T . g ., . .,..-..._-. l.ﬂ. L] ~ . LI * y a ] L - - . Pl I B '
o P 5 .1..- Yo .1!___.__ . l.al.J_.-_ ﬁ..-..f . J...___ ___1.._ L T S r - - .1.-..-_ L LR PR R M L. . Hl...“r-..- - 1 & .
ot o - ' ] + ¥ " a = & N L LT - ' . - u LE aks L ak
.1 .1 .1.1 i sl plele e Sl I LA L R W o - At T v, 4t AT g . L T ¢ *
1 L - PO I AN N Mot T T T e S ™
A i gl pltinitop 2




US 2026/0040887 Al

9 "DId

" P

Fa gty 00 b
I

L -

i.-i
&+

Feb. 5, 2026 Sheet 6 of 15

| \ T W_Ow\

Patent Application Publication



US 2026/0040887 Al

Dld

"
w*

LI s L 4 ] " 0w
- -
- -
L A | . .
L L%
= - W

‘\iei'_—_#‘i .
. * -
- . | . II‘ I.ll F...‘.l.-. . - - ; .
. e, e |
u - . ~u J-..-.___.-_-
™ -
" L I . il[.l".q!! . . | . .
; L ‘. .
L) . - *

Feb.
5,2026 Sheet 7 of 15

.“.I.'.

Pat '
ent Application Publicati
on



US 2026/0040887 Al

Feb. 5, 2026 Sheet 8 of 15

Patent Application Publication

-

r " u LI

ad
4 BT B
- .-.-..-_- LR -y

™ ¥
.._-.- - -. r J_-_ o
1] . i..- .i..l ﬂ LY .-_ll
L T . r L w "%y .-.-..-...._-.nl-. by . yr, - .-.ﬁ
» .

. . . ] -
. . L . . . . . r . . > mw
ok . ..--..I LR .,.-.l..__.-. l.r. B - * .". .-.# .-.-.- .l_-._._-_.-.._ .-1J-.__ _... .-i. LR ..... M\.‘ et X mﬁ

004
008



US 2026/0040887 Al

Feb. 5, 2026 Sheet 9 of 15

Patent Application Publication




US 2026/0040887 Al

Feb. 5, 2026 Sheet 10 of 15

Patent Application Publication

i e o A

i i e e A A R e e e R R i s o A

i T T
L ™ o4 - .

L8
Yo, ar LAt M

Nyt

i s e

i s o A

0001

il i i A

sl s s i




US 2026/0040887 Al

Feb. 5, 2026 Sheet 11 of 15

Patent Application Publication

o a L
R R T LR ?
L Ta ma " i oomy  tuE N - LY
- L, "o | L ] r g * [ ] -
> v -.-.ﬂ Faps " it ..____.-..f.-“ . t. . ., - ™ - .-...p...._ + h._. e s s .-_._-..“..“
.__.__.._._“.- -n M " wF - . * A T T Eh -_..u:.rt.' f X L H
n LY a .
s, e LI .!l . l_.......-.n-._n. . T ¢ [ L B | e ? - n ”._. ._".-l. l‘“
T . - A -‘..-.__... . " L -, LRI i - . -._....—. woa "
LI L F A . 4.-_ e L - W P _-".-..- u-.._"..-_ = £ a w,
N Tea ” AT e e T - S ol
- o L | » F oy wh r b ] »
L] L L] * - v ] .
* a" * R R e . e ™ - ~ % t._..u Y Y- “
.. - "
- -.___.__-_-_-.__I___l___....,. L Y .___...._n




Patent Application Publication  Feb. 5,2026 Sheet 12 of 15  US 2026/0040887 Al

1210 A 1210 1210 1202 1210




Patent Application Publication  Feb. 5, 2026 Sheet 13 of 15  US 2026/0040887 Al

o L r oy Pap—— o — N
LY - " " L A LT L £~ ey y
[ ] - r
gy 1 a - b " -n."" :.- e . + . -. '_""'-f't . ';
a d
& oa L PR S S O M 4 L
[ ] - | |
* "f:l i L] ' ol ‘:,r""l' ! i‘ - " l-"'. L™ :
“ . 1, g L% o LT I | I . 5, L " 1 Ll
. -y P LT . ] - F."""‘,* - -
a - . L] ‘- = 1 . ‘_ll' " 3
. '.'* L] - l‘ﬂ . - a .
L PR L Y “ A : L T LA ok . N s
f‘ -y i :'-‘_ M l_t .....



Patent Application Publication

\ A /

Feb. 5, 2026 Sheet 14 of 15

i L
¥ - A
i .
L]
L]
L]
L]
i -
‘
L] -
L]
L]
L]
L]
L]
L] a
' _ .-
] -
H A .
4
L] ‘_.."
L] d
L] lt.i"'
L] d
L] ‘.."-
L] d
‘ -
i r
L]
:
L]
™ [ ‘-i Lol ol e
s
n lll'| Pl “.' } - "‘* *.-l _"".'il e o T
.
ir"" Ly '; t*i* ' . l“ 1-:-.'..*-' "': ll: ""' * ) L)
g W " . . 1
=‘ I"'If . -‘I' i"-.u _--;‘.' ."'.F‘lt i, 1.-&.' 'n' P . . I-‘rlI y
il._,"". '." . * - ™ b r"._‘h-'l o = . - " '-q.
i . L _r L Y . L] - ] " L] S . s"
' LT ] .5"'\1- Ty Tyt g 1k LN ‘h' . % i - &
iy . e P ' ¢ . R A
i‘"..' T ., . S . __: S .k a ¥
L r L] L Taom, ) ] L L
§ e g gar 4 ol T L PRI . T I R
L

a

(608 1604
FlG. 16

US 2026/0040887 Al

- 1400

-
-
a
--.
-
a
-'.
-
a
.-.
-
a
--.
-
a
-'.
-
a
.-.
-
a
--.
-
a
a H
-
a
.-.
-
a
--.
-
a
-'.
-
a
.-.
-
a
-
a
-'.
-
a
.-.
.
"
-
-
"
-
-
"
-
-
"
-
-
"
-
-
.
-
..... .
-
b
-‘ -
"
LY
™
"
LY
™
"
'\._‘
A



Patent Application Publication  Feb. 5, 2026 Sheet 15 0of 15  US 2026/0040887 Al

1700

-d-f’/—

. e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e .

4709. APPLY A DIE ATTACH FILM TO A
(Ve FIRST SURFACE OF A WAFER
OPPQSITE A SECOND SURFACE

1704~ APPLY A PASSIVATION LAYER TO THE |
SECOND SURFACE OF THE WAFER |

1706 ~_| PATTERN THE PASSIVATION LAYER TG
DEFINE A NUMBER OF SCRIBE LINES |

1708 -~ APPLY A DICING TAPE HAVING
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1714 DIE TO THE INTERCONNECT

ENCAPSULATE THE DIE, THE BOND
1718~ WIRE, AND THE INTERCONNECT IN
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DICING TAPE AND METHOD OF
MANUFACTURING SEMICONDUCTOR
DEVICES

TECHNICAL FIELD

[0001] This description relates to a method of manufac-
turing semiconductor devices using a dicing tape that 1s
resistant to plasma etching.

BACKGROUND

[0002] Semiconductor devices are fabricated on sub-
strates. For example, the substrate 1s a waler having numer-
ous devices (e.g., dies, chips, etc.). After fabrication on the
substrate, the individual devices are singulated from each
other using a dicing techmque. However, the dicing tech-
niques suller from limitations that increase costs and mate-
rial losses. For example, mechanical dicing techniques rely
on blades to saw the substrate. Accordingly, the number of
dies that the substrate yields 1s at least partially based on the
width of the blades. Moreover, the substrate may be chipped
or cracked during singulation due to the force exerted by the
blade on the water. Stmilarly, laser dicing techmiques can
cause splintering of the substrate as a result of expansion
during singulation.

SUMMARY

[0003] In one example, a method of forming an integrated
circuit (IC) 1s provided. The method includes applying a die
attach film to a first surface of a waler opposite a second
surface. The method also includes applying a passivation
layer to the second surface of the water. The method further
includes patterning the passivation layer to define a number
of scribe lines. The method yet further includes applying a
dicing tape having a nonconductive matenal to the die attach
film. The nonconductive matenial 1s resistant to plasma
ctching. The method includes plasma etching the water to
form dies of a plurality of dies supported by the dicing tape
based on the scribe lines.

[0004] Another example relates to another method of
forming an IC. The method includes forming a die attach
film to a first surface of a waler opposite a second surface.
The method also 1includes applying a passivation layer to the
second surface of the wafer. The method yet further includes
patterning the passivation layer to define a number of scribe
lines. The method 1ncludes applying a dicing tape having a
nonconductive material to the die attach film. The noncon-
ductive material 1s resistant to plasma etching. The method
also includes plasma etching the water to form dies of a
plurality of dies supported by the dicing tape based on the
scribe lines. The method vet further includes mounting the
die to an interconnect by the die attach film. The method
includes atlixing a bond wire from the die to the intercon-
nect. The method also includes encapsulating the die, the
bond wire, and the interconnect 1 a mold compound.

[0005] In yet another example, a dicing tape for semicon-
ductor manufacturing i1s provided. The dicing tape includes
a filler material and a nonconductive material. The noncon-
ductive material 1s silicon dioxide and 1s resistant to plasma
ctching. The silicon dioxide has a particle size of 1 nano-
meter to 10 micrometers based on a thickness of the dicing
tape.

Feb. 5, 2026

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 1s a cross-sectional view ol a substrate
aflixed to a dicing tape, according to one example.

[0007] FIG. 2 1s a cross-sectional view of a non-conduc-
tive material combined with a filler material of a dicing tape,
according to one example.

[0008] FIG. 3 1s a cross-sectional view ol a substrate
alhixed to a dicing tape having an etch stop layer, according
to another example.

[0009] FIGS. 4-15 1llustrate stages of an example process
flow for forming a semiconductor device.

[0010] FIG. 16 illustrates an example integrated circuit
package fabricated using the dicing tape.

[0011] FIG. 17 illustrates a flowchart of an example
method for fabricating semiconductor device.

DETAILED DESCRIPTION

[0012] In semiconductor industries, demands for minia-
turization have accelerated the development of smaller inte-
grated devices. However, dicing techniques sufler from
limitations at the smaller sizes. Mechanical dicing and laser
dicing techniques can cause chipping, splintering, and
breakage along the die edges. Furthermore, the limitations of
these dicing techniques are exacerbated as substrates
become thinner. In addition to becoming thinner, the area of
semiconductor devices 1s decreasing. However, the area
consumed by the saw blade during mechanical dicing may
be greater than 100 microns. For walfers containing small
dies (e.g., individual semiconductor devices with a die size
of 500 micronsx500 microns and smaller) this can represent
a loss of greater than 20%.

[0013] Plasma dicing techniques are a non-mechanical
alternative to mechanical dicing techniques. Rather than
relying on a blade, plasma dicing uses high-energy plasma
formed from gases, such as SF, and C,F,, to etch the
substrate. However, plasma dicing techniques can sever the
dicing tape that secures the singulated dies, causing the
singulated dies to scatter. A dicing tape and method of
manufacturing semiconductor devices are described. The
dicing tape includes a nonconductive material that acts as an
etch stop. For example, the nonconductive material 1s silicon
dioxide that 1s resistant to plasma dicing. Accordingly, the
nonconductive material prevents the dicing tape from being
severed during singulation. As one example, the dicing tape
has a single structure, and the nonconductive material 1s
incorporated with a filler material of the dicing tape. As
another example, the dicing tape has a multilayer structure
including a base layer and an etch stop layer having the
nonconductive material.

[0014] FIG. 1 1s a cross-sectional view ol a substrate
allixed to a dicing tape according to one example. The
substrate 1s a water 100 that 1s aflixed to a dicing tape 102
by a die attach film 104. A plurality of semiconductor dies
are formed on the water 100 according to respective fabri-
cation processing steps. For example, each of the dies on the
waler 100 can contain any combination of active and passive
devices, such as bipolar junction transistors, capacitors,
optoelectronic devices, inductors, resistors, and diodes.

[0015] The water 100 has a first surface 106 opposite a
second surface 108. The water 100 1s mounted to the dicing
tape 102 with the die attach film 104, such that the die attach
film 104 1s located between the first surface 106 of the water
100 and the dicing tape 102. The active devices and/or
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passive devices are formed with landing pads at the second
surface 108. The dicing tape 102 includes a filler material
and a nonconductive material.

[0016] FIG. 21s an expanded view of a region 116 of FIG.
1 that includes the structure of the dicing tape 102. Thus,
FIGS. 1 and 2 employ the same reference numbers to denote
the same features. The dicing tape 102 includes a filler
material 200 and a nonconductive material 202. As shown in
the example of FIG. 1, the nonconductive material 202 1s
suspended 1n the filler material 200. The filler material 200
1s a thermoplastic resin, such as a natural rubber, copolymer,
polybutadiene resin, polyimide resins, saturated polyether
resins, phenoxy resins, acrylic resins, acrylates, etc. The
thermoplastic resins are used alone or 1 combination to
torm the filler material 200.

[0017] The nonconductive material 202 1s distributed to
the filler material 200. The nonconductive material 202
includes a number of nonconductive particles. The noncon-
ductive material 202 does not conduct electricity and 1s, for
example, silicon dioxide, aluminum dioxide, zirconium
dioxide, etc. The nonconductive particles of the nonconduc-
tive material 202 are interspersed throughout the filler
material 200 of the dicing tape 102. The particle size of the
nonconductive material 202 defines a diameter or length of
the nonconductive particles of the nonconductive material.
In one example, the particle size 1s 1 nanometer to 10
micrometers based on the thickness of the dicing tape 102.
The particle size may approach the thickness of the dicing
tape 102. For example, 11 the thickness of the dicing tape 102
1s 10 micrometers, the particle size of the nonconductive
material 1s approximately 9 micrometers. The particle den-
sity of the nonconductive matenal 1s 1%-50% by weight of
the dicing tape 102.

[0018] Returning to FIG. 1, a passivation layer 110 1is
applied to the second surface 108 of the water 100 and acts
as a protective overcoat that provides resistance to 1ions and
contaminants. The passivation layer 110 1s formed of an
insulating material, for example, polysilicon, silicon oxyni-
tride, polyimide, etc. A patterned photoresist layer 112 1s
applied to the passivation layer 110. The patterned photo-
resist layer 112 includes a number of voids 114. The voids
114 1n the patterned photoresist layer 112 are positioned to
correspond to boundaries between dies of the plurality of
dies formed 1n the water 100. Accordingly, the passivation
layer 110 can be etched at the voids 114 to form scribe lines
in the passivation layer 110. During a singulation process,

the water 100 1s diced at the scribe lines to singulate the
individual dies of the plurality of dies of the water 100.

[0019] FIG. 3 1s a cross-sectional view of a non-conduc-
tive material combined with an alternative example of a
dicing tape. For purposes of simplification, FIGS. 1 and 3
employ the same reference numbers to denote the same
structure.

[0020] The substrate 1s a wafer 100 that 1s athxed to a
dicing tape 300 by a die attach film 104. The water 100 has
a first surface 106 opposite a second surface 108. The die
attach film 104 1s mounted at the first surface 106 of the
waler 100. The wafer 100 1s mounted to the dicing tape 300
with the die attach film 104, such that the die attach film 104
1s located between the first surface 106 of the water 100 and
the dicing tape 300.

[0021] The dicing tape 300 extends from a first tape
surface 302 to a second tape surface 304. The dicing tape
300 1s a multilayer structure having a base layer 306 and an
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ctch stop layer 308. The base layer 306 extends from the first
tape surface 302 to an interface surface 310 and has a base
thickness 312 defined as the distance between the first tape
surface 302 and the interface surface 310. The etch stop
layer 308 extends from the interface surface 310 to the
second tape surface 304 and has an etch stop thickness 314
defined as the distance between the interface surface 310 and

the second tape surface 304. In some examples, the base
thickness 312 1s greater than the etch stop thickness 314.

[0022] The base layer 306 1s formed of a filler material
(e.g., the filler material 200 of FIG. 2), such as a thermo-
plastic resin. The etch stop layer 308 1s formed of an
adhesive material mixed with a number of nonconductive
particles of a nonconductive material 316 (e.g., the noncon-
ductive material 202 of FIG. 2). In some examples, the
adhesive 1s the filler material of the base layer 306, such that
the base layer 306 1s formed of the filler material without the
nonconductive material 316 and the etch stop layer 308 1s
formed of the filler material with the nonconductive material
316. Alternatively, the adhesive material 1s different than the
filler matenial. The adhesive maternial, for example, 1s a
thermosetting resin with high cohesive strength.

[0023] The etch stop layer 308 applied, for example, by a
screen-printing process, dispensing process, or jetting pro-
cess. The nonconductive material 316 does not conduct
clectricity and 1s, for example, silicon dioxide, aluminum
dioxide, zirconmium dioxide, etc. The particle size of the
nonconductive material 316 1s 1 nanometer to 10 microm-
cters based on the etch stop thickness 314 of the etch stop
layer 308. The particle size may approach the etch stop
thickness 314. For example if the etch stop thickness 314 of
the etch stop layer 308 1s 10 nanometers, the particle size of
the nonconductive material 316 1s approximately 9 nano-
meters. The particle density of the nonconductive material
316 15 1%-50% by weight of the etch stop layer 308.
Accordingly, the nonconductive material 316 1s formed in
the etch stop layer 308 at the second tape surface 304 of the
dicing tape 300 in contact with the die attach film 104. Thus,

the etch stop layer 308 acts as a barrier for the base layer
306.

[0024] FIGS. 4-15 illustrate operations of a process tlow
for forming a semiconductor device. For purposes ol sim-
plification, FIGS. 4-15 employ the same reference numbers
to denote the same structure.

[0025] FIG. 4 illustrates an example of a first stage of the
process tlow. A water 400 (e.g., the water 100 of FIG. 1)
having a first surface 402 (e.g., the first surface 106 of FIG.
1) opposite a second surface 404 (e.g., the second surface
108 of FIG. 1) 1s provided 1n the first stage. The water 400
1S a substrate, such as silicon, silicon carbide, or other
suitable material, either in substantially pure form or in
combination with additional materials. As another example,
the watfer 400 1s a single crystal material, such as a single
crystal silicon substrate. As yet another example, the wafer
400 1s a complementary metal-oxide semiconductor
(CMOS) substrate and includes circuitry formed thereon.
The water 400 includes a plurality of dies. The second
surface 404 may 1nclude leads for circuitry formed on each
of the respective dies of the plurality of dies. The formation
of the waler 400 1s dependent on the application of the
semiconductor device being fabricated.

[0026] FIG. 5 illustrates an example of a second stage of
the process tlow. A die attach film 500 (e.g., the die attach
film 104 of FIG. 1) 1s applied to the first surface 402 of the
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waler 400. In another example, the die attach film 500 can
be applied to the dicing tape. The die attach film 3500 1s a
filmy adhesive agent, such as an epoxy resin.

[0027] FIG. 6 illustrates an example of a third stage of a
process flow. In the third stage, the water 400 1s athixed to
dicing tape 600 (e.g., the dlcmg tape 102 of FIG. 1, the
dicing tape 300 of FIG. 3) using the die attach film 500. The
die attach film 500 bonds the wafer 400 to the dicing tape
600 to support the dies during and after singulation. The
dicing tape 600 has a thickness 602 defined between a {first
tape surface 604 (e.g., the first tape surtface 302 of FIG. 3)
and a second tape surface 606 (¢.g., the second tape surface

304 of FIG. 3).

[0028] The dicing tape 600 may be a single layer structure
of a filler material (e.g., the filler material 200 of FIG. 2)
mixed with a nonconductive material (e.g., the nonconduc-
tive material 202 of FIG. 2, the nonconductive material 316
of FIG. 3) that 1s resistant to plasma etching. In the single
structure example, the dicing tape 600 acts as an etch stop
layer during plasma etching. In a multi-layer structure
example, the dicing tape 600 includes a base layer (e.g., the
base layer 306 of FIG. 3) and an etch stop layer (e.g., the
ctch stop layer 308 of FIG. 3) with a nonconductive material
(e.g., the nonconductive material 202 of FIG. 2, the non-
conductive material 316 of FIG. 3). During plasma etching,
the etch stop layer of the dicing tape 600 acts as an etch stop.
Therefore, in both the single structure example and the
multi-layer structure example of the dicing tape 600, the
nonconductive material 1s resistant to plasma etching and
mitigates the deterioration of the dicing tape 600 during
plasma etching.

[0029] FIG. 7 illustrates an example of a fourth stage of
the process tlow. A passivation layer 700 (e.g., the passiva-
tion layer 110 of FIG. 1) 1s applied to the second surtace 404
of the water 400 and acts as a protective overcoat for the
waler 400. The passivation layer 700 1s deposited using any
suitable deposition technique, such as Chemical Vapor
Deposition (CVD). As some examples, the passivation layer
700 1s an insulator. The passivation layer 700 1s, for
example, polysilicon, silicon mitride, silicon oxynitride,
polyimide, etc.

[0030] FIG. 8 illustrates an example of a fifth stage of the
process flow. In the fifth stage, a photoresist layer 800 (e.g.,
the patterned photoresist layer 112 of FIG. 1) 1s formed on
the passivation layer 700. The photoresist layer 800 1s
light-sensitive material used 1n several processes, including
photolithography, photoengraving, and photoresist etching,
that allow underlying layers to be patterned. The photoresist
layer 800 1ncludes voids 802 (e.g., the voids 114 of FIG. 1)
for patterning of the passivation layer 700.

[0031] FIG. 9 illustrates an example of a sixth stage of the
process flow. In the sixth stage, the passivation layer 700 1s
patterned by a performing selective irradiation and the
photoresist layer 800 1s removed from the patterned passi-
vation layer 700. The irradiated or nonirradiated portions are
removed by applying a developer matenal. For example, a
dry etch 1s performed on the passivation layer 700 1s to form
the scribe lines 902 corresponding to the voids 802. The
scribe lines 902 in the passivation layer 700 indicate indi-
vidual dies of the plurality of dies in the wafer 400.
Accordingly, the area of the water 400 that 1s overlayed by
a scribe line 902 does not include circuit elements of the dies
such that the dies can be singulated along the scribe lines

902.
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[0032] FIG. 10 illustrates an example of a seventh stage of
the process flow. In the seventh stage, the water 400 1s
plasma diced into a plurality of dies including a first die
1000, a second die 1002, a third die 1004, and fourth die

1006. The plasma dicing uses plasma etching techniques to
singulate the dies 1000-1006. The dies 1000-1006 include
material of the water 400 as well as material of the die attach

film 500. In other examples, the dies 1000-1006 include
material of the water 400.

[0033] The plasma etching techniques include placing the
waler 400 1n a dicing chamber 1008. The dicing chamber
1008 may be a vacuum chamber fitted with a high-density
plasma source such as inductively coupled plasma (ICP). A
plasma 1s created in the dicing chamber 1008 by exciting
ions in an etch gas having a gas chemistry based on the
material of the water 400. For example, the etch gas includes
a halogen (e.g., fluorine, chlorine, bromine, or 10dine) or
halogen-containing gas. In response to the reaction between
the plasma and the portions of the water 400 exposed by the
scribe lines 902, material of the water 400 and the under-
lying die attach film 500 are removed such that individual

dies 1000-1006 are singulated from the water 400.

[0034] The plasma dicing may include performing a num-
ber of plasma etches using different gas chemistries. For
example, a first plasma etch having a first gas chemistry 1s
performed to remove portions of the wafer 400 and a second
plasma etch having a second gas chemistry 1s performed to
remove portions of the die attach film 500. Additionally, the
passivation layer 700 may be removed from the second
surface 404 of the waler 400 during plasma dicing. Alter-
natively, the passivation layer 700 1s removed prior to
plasma dicing or after plasma dicing. The nonconductive
material of the dicing tape 600 1s resistant to etching such
that dicing tape 600 1s not severed during the plasma dicing.
Because the singulation process does not sever the dicing
tape 600, the dies 1000-1006 remain supported due to
adhesion to the dicing tape 600.

[0035] FIG. 11 illustrates an example of an eighth stage of
the process flow. In the eighth stage, the individual dies are
released from the dicing tape 600. For example, the fourth
die 1006 1s pushed from the dicing tape 600 with a pin. As
another example, the dicing tape 600 1s drawn away from the
dies 1000-1006 by vacuum. Because the nonconductive
material 1s mcorporated with the dicing tape 600, 1s some
examples, the nonconductive material 1s left as a residue on
the dies 1000-1006 after the dies are released. In the
example 1 which the nonconductive material 1s silicon
dioxide, silicon dioxide particles may remain on a die attach
surface 1100 of the die attach material from the die attach
film 500. In another example, the first surface 402 of the
waler 400 1s adhered on a face of the dicing tape 600 and
particles of the nonconductive material remain on the cor-
responding second surface of the dies 1000-1006.

[0036] FIG. 12 illustrates an example of a ninth stage of
the process flow. In the ninth stage, an interconnect 1200 1s
provided. The interconnect 1200 1s formed of an electrically
conductive material, such as copper, palladium, gold, silver,
or other appropriate conductive metal or metal alloy with
similar properties. For example, the interconnect 1s formed
from a copper sheet. As one example, the interconnect 1200
accommodates four dies (e.g., the first die 1000, the second
die 1002, the third die 1004, and the fourth die 1006 of FIG.
10). An interconnect area 1202 1s configured to accommo-
date a single die.
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[0037] For a chip on lead configuration of a semiconduc-
tor, the iterconnect area 1202 has wire bond pads including,
a first wire bond pad 1204 and a second wire bond pad 1206
that are electrically 1solated from each other. For other
configurations of a semiconductor device, the interconnect
1200 may include a die attach pad directly under the die. The
wire bond pads 1204, 1206 are typically connected to saw
streets 1208 with tie bars 1210. The saw streets 1208 and the
tie bars 1210 are formed of thin metal strips. The saw streets
1208 support the interconnect 1200 during die attach (IC
chip attachment to the interconnect), wire bonding (wire
connecting IC bond pads to wire bond pads), and potting
(encapsulation of the IC chip, wire bonds, and interconnects
1200 with mold compound).

[0038] FIG. 13 illustrates an example of a tenth stage of
the process flow. For clarity, the remaining stages will be
shown and described with respect to a single die and a

portion of the interconnect area 1202. In the tenth stage, a
die 1300 (e.g., the first die 1000, the second die 1002, the

third die 1004, the fourth die 1006 of FIG. 10) 1s mounted
on the wire bond pads 1204, 1206. The die 1300 1s mounted
using the die attach material of the die attach film 500 or a

bonding layer used to atlix the die 1300 to the interconnect
arca 1202.

[0039] FIG. 14 1llustrates an example of an eleventh stage
of the process flow. In the eleventh stage, a bond wire 1400
1s attached at the die 1300 and the wire bond pads 1204,
1206 resulting in a semiconductor device 1402. The bond
wire 1400 forms an electrical connection between the die
1300, at a first landing pad 1404, and the second wire bond
pad 1206.

[0040] FIG. 15 1llustrates an example of a twelfth stage of
a process flow of fabricating a semiconductor device. In the
twellth stage, the semiconductor device 1402 1s encapsu-
lated 1n a mold compound 1500. The mold compound 1500
1s formed of one or more insulating material, such as organic
resins (e.g., epoxy), morganic resins, and/or other suitable
materals. The mold compound 1500 at least partially encap-

sulates the die 1300, the wire bond pads 1204, 1206, and the
bond wire 1400.

[0041] FIG. 16 illustrates another example integrated cir-
cuit package fabricated using the dicing tape. As discussed
above with respect to FIG. 12, a semiconductor device
having a chip on lead configuration may be fabricated. In
another example, an 1ntegrated circuit (IC) 1600 having a
standard configuration i1s fabricated. For example, a singu-
lated die 1602 (e.g., the first die 1000, the second die 1002,
the third die 1004, the fourth die 1006 of FIG. 10, the die
1300 of FIG. 13) 1s mounted on a die attach pad 1604 of an
interconnect 1606 (e.g., the iterconnect 1200 of FIG. 12).
The singulated die 1602 1s athixed to the die attach pad 1604
with a die attach film 1608 (e.g., the die attach film 104 of
FIG. 1, the die attach film 500 of FIG. 5). In some examples,
the singulated die 1602 and/or the die attach film 1608 have
a residue of nonconductive matenal (e.g., the nonconductive
material 202 of FIG. 2, the nonconductive material 316 of
FIG. 3) from a dicing tape (e.g., the dicing tape 102 of FIG.
1, the dicing tape 300 of FIG. 3, the dicing tape 600 of FIG.

6) that the singulated die 1602 was aflixed to during fabri-
cation.

[0042] The interconnect 1606 also includes a first wire
bond pad 1610 (e.g., the first wire bond pad 1204 of FI1G. 12)
and a second wire bond pad 1612 (e.g., the second wire bond
pad 1206 of FIG. 12). A first bond wire 1614 (e.g., the bond
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wire 1400) 1s attached at the singulated die 1602 and at a first
wire bond pad 1610. A second bond wire 1616 (e.g., the
bond wire 1400) 1s attached at the singulated die 1602 and
at a second wire bond pad 1612. The die attach pad 1604, the
first wire bond pad 1610, the second wire bond pad 1612, the
first bond wire 1614, and the second bond wire 1616 are at
least partially encapsulated in a mold compound 1618 (e.g.,

the mold compound 1500 of FIG. 15) to form the I1C 1600.

[0043] FIG. 17 illustrates a flowchart of an example
method for fabricating semiconductor device. For simplic-
ity, the method 1700 will be described as a sequence of
blocks, but 1t 1s understood that the elements of the method
1700 can be organized into diflerent architectures, elements,
stages, and/or processes.

[0044] At block 1702, the method 1700 includes forming
a die attach film (e.g., the die attach film 104 of FIG. 1, the
die attach film 500 of FIG. 35) to a first surface (e.g., the first
surface 106 of FIG. 1, the first surface 402 of FIG. 4) of a
waler (e.g., the water 100 of FIG. 1, the water 400 of FIG.
4) opposite a second surface (e.g., the second surface 108 of

FIG. 1, the second surface 404 of FIG. 4).

[0045] At block 1704, the method 1700 includes applying

a passivation layer (e.g., the passivation layer 700 of FIG. 7)
to the second surface of the wafer.

[0046] At block 1706, the method 1700 includes pattern-
ing the passivation layer to define a number of scribe lines
(e.g., the scribe lines 902 of FIG. 9). As one example, the

passivation layer is patterned using a photoresist layer (e.g.,
the photoresist layer 800 of FIG. 8).

[0047] At block 1708, the method 1700 includes applying
a dicing tape (e.g., the dicing tape 102 of FIG. 1, the dicing
tape 300 of FIG. 3, the dicing tape 600 of FIG. 6) having a
nonconductive material (e.g., the nonconductive material
202 of FIG. 2) to the die attach film. The nonconductive
material 1s resistant to plasma etching. Specifically, the
nonconductive material that acts as an etch stop. Accord-
ingly, the nonconductive material mitigates damage to the
dicing tape during plasma etching so that the dicing tape 1s
not severed during singulation.

[0048] At block 1710, the method 1700 includes plasma
ctching the water to form dies of a plurality of dies (e.g., the
first die 1000, the second die 1002, the third die 1004, the
fourth die 1006 of FIG. 10, the die 1300 of FIG. 13, the die
1602 of FIG. 16) supported by the dicing tape. The plasma
etching removes material of the water and die attach film
exposed by the scribe lines.

[0049] Atblock 1712, the method 1700 includes mounting
the die to an mterconnect (e.g., the imnterconnect 1200 of FIG.
12, the interconnect 1606 of FIG. 16) by the die attach film
remaining on the dies. In particular, the die 1s mounted an
interconnect area (e.g., the nterconnect area 1202 of FIG.
12) having bond pads (e.g., the first wire bond pad 1204, the
second wire bond pad 1206 of FIG. 12) and/or a die attach
pad (e.g., the die attach pad 1604 of FIG. 16). A portion of
the nonconductive material may also remain on the dies
leaving a nonconductive residue.

[0050] At block 1714, the method 1700 1ncludes athxing
a bond wire (e.g., a bond wire 1400 of FIG. 14, the first bond
wire 1614 and the second bond wire 1616 of FIG. 16) from

the die to the iterconnect. For example, the bond wires
clectrically connect the die to a wire bond pad.

[0051] At block 1716, the method 1700 includes encap-
sulating the die, the bond wire, and the interconnect 1n a
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mold compound (e.g., the mold compound 1500 of FIG. 15,
the mold compound 1618 of FIG. 16).

[0052] What have been described above are examples. It
1s, ol course, not possible to describe every conceivable
combination of components or methodologies, but one of
ordinary skill in the art will recognize that many further
combinations and permutations are possible. Accordingly,
the disclosure 1s intended to embrace all such alterations,
modifications, and variations that fall within the scope of
this application, including the appended claims. As used
herein, the term “includes” means includes but not limited
to, the term “including” means 1including but not limited to.
The term “based on” means based at least in part on.
Additionally, where the disclosure or claims recite “a,” “an,”
“a first,” or “another” element, or the equivalent thereot, 1t
should be interpreted to include one or more than one such
clement, neither requiring nor excluding two or more such

elements.

[0053] In thus description, unless otherwise stated,
“about,” “approximately” or “substantially” preceding a
parameter means being within +/-10 percent of that param-
cter. Modifications are possible 1n the described embodi-
ments, and other embodiments are possible, within the scope
of the claims.

[0054] Further, unless specified otherwise, “first,” “sec-
ond,” or the like are not intended to 1imply a temporal aspect,
a spatial aspect, an ordering, etc. Rather, such terms are
merely used as 1dentifiers, names, etc. for features, elements,
items, etc. For example, a first channel and a second channel
generally correspond to channel A and channel B or two
different or two 1dentical channels or the same channel.
Additionally, “comprsing,” “comprises,” “including,”
“includes,” or the like generally means comprising or
including, but not limited to.

[0055] It will be appreciated that several of the above-
disclosed and other features and functions, or alternatives or
varieties thereof, may be desirably combined into many
other different systems or applications. Also, that various
presently unforeseen or unanticipated alternatives, modifi-
cations, variations, or improvements therein may be subse-
quently made by those skilled in the art which are also
intended to be encompassed by the following claims.

What 1s claimed 1s:

1. A method of forming an integrated circuit (IC) com-
prising:
forming a die attach film to a first surface of a wafer
opposite a second surface;

applying a passivation layer to the second surface of the
walfer;

patterming the passivation layer to define a number of
scribe lines:

applying a dicing tape having a nonconductive material to
the die attach film, wherein the nonconductive material
1s resistant to plasma etching; and

plasma etching the wafer to form dies of a plurality of dies
supported by the dicing tape based on the scribe lines.

2. The method of claim 1, wherein the dicing tape 1s filled
with the nonconductive material.

3. The method of claim 1, wherein the nonconductive
material 1s formed 1n an etch stop layer at a surface of the
dicing tape in contact with the die attach film.

4. The method of claim 3, wherein the etch stop layer 1s
an adhesive.
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5. The method of claim 1, wherein the nonconductive
material 1s silicon dioxide or alumimnum dioxide.

6. The method of claim 1, wherein a particle size of the
nonconductive material 1s 1 nanometer to 10 micrometers
based on a thickness of the dicing tape.

7. The method of claim 1, wherein a particle density of the
nonconductive material 1s 1%-50% by weight of the dicing
tape.

8. The method of claim 1, further comprising;:

mounting the die to an interconnect by the die attach film;

alhixing a bond wire from the die to the interconnect; and
encapsulating the die, the bond wire, and the interconnect
in a mold compound.

9. A method of forming an integrated circuit (IC) com-
prising;:

apply a die attach film to a first surface of a waler opposite

a second surface;

applying a passivation layer to the second surface of the

wafer:;

patterning the passivation layer to define a number of

scribe lines;

applying a dicing tape having a nonconductive matenal to

the die attach film, wherein the nonconductive material
1s resistant to plasma etching;

plasma etching the watfer to form dies of a plurality of dies

supported by the dicing tape based on the scribe lines;
mounting the die to an interconnect by the die attach film;
alhixing a bond wire from the die to the interconnect; and
encapsulating the die, the bond wire, and the interconnect
in a mold compound.

10. The method of claim 9, wherein the dicing tape 1s a
single layer filled with the nonconductive material.

11. The method of claim 9, wherein the dicing tape
includes a base layer and an etch stop layer including the
nonconductive material, wherein the etch stop layer 1s at a
surface of the dicing tape in contact with the die attach film.

12. The method of claim 11, wherein the etch stop layer
1s an adhesive.

13. The method of claim 9, wherein the nonconductive
material 1s silicon dioxide or aluminum dioxide.

14. The method of claim 9, wherein a particle size of the
nonconductive material 1s 1 nanometer to 10 micrometers.

15. The method of claim 9, wherein a particle density of
the nonconductive material 1s 1%-50% by weight of the
dicing tape.

16. A dicing tape for semiconductor processing, compris-
ng:

a filler material; and

a nonconductive material, wherein the nonconductive

material 1s silicon dioxide and 1s resistant to plasma
ctching, wherein the silicon dioxide has a particle size
of 1 nanometer to 10 micrometers based on a thickness
of the dicing tape.

17. The dicing tape of claim 16, wherein the dicing tape
1s a single layer filled with the nonconductive matenal.

18. The dicing tape of claim 16, wherein the dicing tape
includes a base layer and an etch stop layer including the
nonconductive material, wherein the etch stop layer 1s at a
surface of the dicing tape.

19. The dicing tape of claim 16, wherein the dicing tape
includes a base layer that extends from a first tape surface to
an interface surface, the base layer having a base thickness,
and an etch stop layer that extends from the interface surface
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to a second tape surface, the etch stop layer having an etch
stop thickness, and wherein the base thickness 1s greater than
the etch stop thickness.

20. The dicing tape of claim 19, wherein the particle size
1s based on the etch stop thickness of the etch stop layer.

¥ ¥ # ¥ ¥

Feb. 5, 2026



	Front Page
	Drawings
	Specification
	Claims

